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(71) We, Union Carbide Corpora- 
tion, a Corporation organised under the 
laws of the State of New York, United States 
of America, of 270 Park Avenue, New York, 
State of New York, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following statement : — 

This invention relates to an apparatus and 
a method for separating volatile constituents 
from a liquid composition containing poly- 
mer and volatile constituents. * 

In the preparation of polymer as in bulk 
and solution polymerization or by other 
conventional methods, considerable amounts 
of starting materials, such as unreacted 
monomer or solvent remain admixed or en- 
trained in the polymer product. This con- 
tamination of polymer is undesirable be- 
cause of adverse effects' on polymer pro- 
perties as is well known in the art. A 
common method of separating the polymer 
from such fluid compositions is the de- 
volatilization thereof. The composition is 
heated and introduced into a low pressure 
chamber to flash vaporize solvent and other 
yolatiles causing foaming of the composi- 
tion. However, a major difficulty with this 
method is that considerable vapor is en- 
trapped in the foam and remains with the 
product. In addition, the cooling caused by 
vaporization so increases the viscosity of the 
product that it is difficult to remove the 
polymer from the flash chamber and, more- 
over at about 90% solids, the polymer solu- 
tion tends to adhere to the chamber walls 
blocking the system. 

The fluid composition can be further 
heated to offset the above problems; how- 
ever, heating the composition to compen- 
sate for the cooling due to vaporization or 
to assist the flowability thereof can result 
in polymer degradation or other undesirable 
polymer formation. 

Accordingly, it is the object of this in- 
vention to provide an apparatus for remov- 
[Price5s.0d.(25p)] 



ing volatile constituents from a viscous fluid 
polymer composition to obtain a liquid 50 
polymer product of substantially greater than 
90% solids, which apparatus can readily 
pump the viscous product to recovery or 
further processing. 

The present invention provides a de- 55 
volatilization apparatus comprising at least 
one helical screw rotatably mounted in a 
barrel in close clearance therewith, said 
screw having a rearward end *and a forward 
end and adapted to connect at the rearward 60 
end with rotating means therefor, at least 
one vapor vent situated in said barrel proxi- 
mate said rearward end, adapted to connect 
with evacuating means, an extruder dis- 
charge port situated in said barrel proximate 65 
said forward end and a feed solution inlet 
port situated in said barrel between said 
vapor port and said discharge port, at least 
a portion of said screw between said feed 
port and discharge port tapering toward 70 
said discharge end. 

The present invention also provides a 
method of separating volatile constituents 
from a liquid composition containing poly- 
mers and volatile constituents which method 75 
comprises heating said composition at a 
given pressure to a temperature sufficient to 
vaporize volatile constituents thereof at a 
lower pressure or to a temperature sufficient 
to boil said composition at said given pres- 80 
sure, introducing said composition to the 
threaded screw of an extruder, at a position 
intermediate of a vapor vent and tapered 
screw section having progressively reduced 
thread maintaining said lower pressure in 85 
the chamber of said extruder to vaporize 
volatile constituents from said composition 
as it enters therein to foam or further foam 
said composition and effect substantial re- 
lease of the volatile constituents therefrom 90 
rotating the screw to advance the foam com- 
position along the thread grooves to pro- 
gressively compress and compact the foam 
composition and effect the further release of 
volatile constituents therefrom and passing 95 
the devolatilized and concentrated polymer 
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5 %5 tSe^of the invention £ ^ M ^J^- AS ? ° 

n6 w be described in conjunction with the &read^8 >g substantially clean 

accompanying drawings, in which ffiytiS Slutio^ Polymer feed solution 

Figure 1 is a sectional elevation view or or P»y™" »> { ^ ^ugh uiiet port 

an apparatus ^J™^*^ f £ Jj foamed ^compSed and devolatilized as 75 

10 devolatihzation process of the present in ^^^^ a £ ng ^ tapering screws and 

another embodiment of an apparatus sun ^ . . - *; _5_, \„ -^i.,^ nr«cnr ft 



able for carrying out the process of the pre- 

15 sent invention. . , 

Referring now to the accompanying draw- 
tags, extruder screw 10 is rotatably mounted 
In extruder barrel 12 as illustrated in Figure 



maintain the barrel 12 at reduced pressure 
as well as drawofl vapors released from the 
solution being devolatilized by way of rear 

vent 48. . „ 

Bv the apparatus of the present mvention 



80 



or snaii it. luc ~~ — - — - 
tained at reduced pressure by suitable 
evacuating means (not shown) connected to 
the extruder barrel by way of rear vent 28. 
25 A liquid polymer composition (not shown) 
heated I to a suitable devolatilization tem- 
perature is introduced to the extruder barrel 

K - . _t_ t< mhpwunnn the COm- 



1% and frequently less than .05% by weight 
of residual solvent including monomer or 
other volatile therein. For ^example, poly- 
styrene solution containing 50% by weight 90 
of the polymer in unreacted monomer can 
be processed to 99.9% by weight of the 



"St^^^6^^^^ ^K er n°Jd m Symer composition can be 

position flash devolatUizes foams afad * J£j^^R™i polymeric ma- 95 

30 urged along the screw .10 toward ^red composed o ^Jgg^ ? {he polyolefins 

section 22 for compression attd furthet de tenal sucn n poy y lypropvlen e ot 

Volatilization. The extruder screw 10 which such « P^ 1 ^^ £ agitable sol> 

has threads 18 separated bv t^ead grooves ^\$!^ <^ QI . n organic 

35 JUS ^HT^^f "uUtuch as benzene, toluene, heptane, 100 

35 TfX^rT^ij^ c^^V and aceton^ ^ fed fe 

^^^Ll^eSc^^o^orin^ thedevSffing apparatus of the present 

torrespondingly reduced groove i» ; nV( , nt .- OI1 at varying rates dependmg on 

diameter. The extruder bay el 12 is sized ™uon at of £ feed i 05 

40 to conform to the shape of the '.screw iu sucn ^ ia «ore^ temDer ature, pressure in the 

and the screw is mounted in working , proxi- ^nds tiaejeed ^™™ >Aus, RPM of 

mity, i.e. in close elegance witii the walk g^J^^ ™ ^ the^uipment 

of the extruder barrel. The discharge sec- ^J**™?* " ^ her einbeloW serves 

tioh 24 and the surroundmg barrel 12 ex- The jsangeap pea rui S f such 110 

45 tend at a relatively constant diamete r to ^fXTZ L v^y determined by 

«^T&5PSf fTSiSS rKd Witioner in accordance with 

fiSftTMS Port 30. TJte J** P~» S^otpositioh is fed to the ap- 

of the screw as shown in Figure 1 to assure sufficiratiy mgn io P ^ | ex _ 
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is boiled and discharged as a foamy mass 
into the apparatus of the invention, which is 
usually operated under reduced pressure. The 
vapors from the incoming boiling solution, 

5 joined by additional vapors generated by 
flashing and mechanical shearing of the solu- 
tion in the apparatus then proceed in a 
helical path rearward along the flights of 
the screw toward the vapor vent of the 

10 apparatus. As the viscous polymer is con- 
veyed by drag flow toward the discharge 
port (prior to densification), new surface is 
exposed for additional vaporization. This 
latter source of vapor, continues until the 

15 combined effects of back pressure and of the 
reduction in cross sectional area cause the 
flights to run full. Beyond this point there 
is substantially no further vapor release. 

The pressure in the extruder barrel is 
2$ maintained below the vapor pressure of the 
feed solution and preferably well below the 
feed pressure to provide a substantial pres- 
sure drop and flash vaporization of volatiles 
such as the solvent or solvents thereof, with 
"25 resultant vigorous foaming of the solution. 
The temperature within the barrel is pre- 
ferably sufficiently high to maintain the 
solution product in a liquid state as well as 
vaporize the solvent component. The operat- 
;30 ing temperature of the barrel is determined 
by diverse factors, for example, by its main- 
tained pressure and the thermal properties 
of the feed solution which upon entering 
expands and cools. 

35 Although the pressure in the extruder 
barrel varies depending upon the particular 
solvents or other volatiles being vaporized, 
it has been found that pressures in the range 
of from about 10 to about 760 mm Hg or 

40 above are suitable; the lower end of the 
range being preferred particularly from 10 
to 300 mm Hg. 

One or more vapor vents are situated in 
the apparatus upstream from the inlet port 

45 of the polymer feed solution rear vents, in 
order to prevent loss of polymer out the 
vent Thus the entering polymer solution is 
immediately conveyed downstream away 
from the rear vent by the screw or screws 

•50 while the released vapors can flow upstream 
or countercurrent to the polymer in a helical 
or other rearward path and out the rear vent 
under the influence of a vacuum pump. 
As indicated, a conventional vacuum 

55 pump or other suitable evacuating means, 
connected, for example, to the apparatus of 
the invention by way of the vapor vent 
above, can be conveniently employed in 
the present invention. A condenser can be 



connected to the vacuum pump, e.g., for 60 
recovery of the stripped volatiles. However, 
when a low boiling solution is fed to the 
chamber, for example, under high tempera- 
ture and pressure, evacuating means can ap- 
propriately be dispensed with in accordance 65 
with process requirements. 

The extruder screw and barrel are prefer- 
ably made of rigid material such as metal for 
example stainless steel or other suitable 
metal. The threads of the screw can take 70 
various shapes as desired and can vary 
angular to rounded. The threads can be of 
uniform distances from one another or dif- 
ferent distances for example they can be- 
come more closely spaced going from the 75 
rearward to the extrusion end of the screw. 
The screw moreover can have more than one 
tapering zone as suitable for the given ap- 
plication. It is desirable mat at least the 
last such tapered zone of the screw be in 80 
close contact with the extruder barrel and 
taper from rearward to forward end of the 
screw. 

Where more than one screw is employed 
in the extruder barrel, the screws can inter- 85 
mesh or be mounted in close proximity 
without intermeshing. Moreover the screws 
can co-rotate or counter rotate as desired. 
Preferably the screws co-rotate and closely 
intermesh, so that the threads thereof wipe 90 
the surfaces of each other as well as the 
barrel surfaces. 

The screw or screws can be rotated at any 
suitable speed of up to about 300 RPM or 
more in accordance with process and mech- 95 
anical requirements. 

The following Example is intended as an 
illustration of the invention. 

EXAMPLE 
A solution of polystyrene in its monomer 100 
was devolatilized in an apparatus similar to 
that shown in Figure 1. The screw was 27 
inches long having a 12 inch input section 
connected- to a 12 inch tapering section and 
a 3 inch discharge section, extending from 105 
the smaller end of the tapering section. The 
screw had a crest diameter of 7,5 inches and 
a root diameter of about 3.7 inches at the 
input section which tapered to a crest dia- • 
meter of about 1.5 inches and a root dia- 110 
meter of 1.0 inch at the above 3 inch section. 
The screw threads had a thickness of 1/8 
inch near the crest thereof tapering to 2 
inches thick at the base thereof. The thread 
separation varied from 3 inches at the larger 115 
end to 1 inch at the smaller end thereof. 
Examples were run as indicated in the 
following table. 
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TABLE 



Extruder Barrel 



Feed Temperature % % Violet 

Feed Rate Pressure Polystyrene Polystyrene Rate 

Feed Rate « in Feed in Product lbs/hr. 



1 


216.0 


66 


190 


100 


535 


90.7 


119.0 


2 


106.0 


88 


194 


100 


67.8 


98.4 


69.2 


3 


43.5 


84 


193 


100 


63.7 


99.2 


29.4 



tw ;t ic annarent that the apparatus of trader discharge port situated in said barrel 

10 tne^nS^s^y ^^JhSA^'bS * 

^g^SSur^ScleaS t£ ££> said fe^V and di^rge port 

20 ^peSD^ai^S^?^ *age up stream & the feed solution inlet 65 

^^^^^ZSlSS. 6 "r^Szation apparatus as 

clatoe^m S one of claims 1 to 5 having 

tion. Moreover, the screw app^toot me cmun y m0U nted in close 75 

30 present J™ m ^W2WS proximity with one another in an extruder 

-n^L Sw aooSuis ^a fcr£5- barrel, slid screws being in close proximity 

duct into the sere w appara ws m _ with ^ surface of sa id barrel. 

. more the extruder screw of the present m wuu claimed in claim 6 

the effluent having been deyolatilized nay route fi Iaimed - m m one 

hnmediately be <=^* ^ rfto~K?SB£ 25 & pitch of 

Snt £v^°Snt ffimlcri^ wkh Ae screw or sww. is reduced between the 

mill well known m the art ierenw: w . „ s .~*.„„ * 

™ accompanymg drawmgs. 

what WF n,ATM IS-— 10. A devolatilization apparatus substan- 90 

45 ^A dSS£So apparatus compris- tially as hereinbefore described with re- 

5 * i-frt t^Theiireil ««rew rotatablv ference to the specific Example. 

Zuli ha b^rfhSe d£JZ 2SJ 11. A method of separating volatile con- 
riTrid screw^vtag 7 reward end and stituents from a liquM compostfion contein- 
rSrWd enTS iaptrfto connect at mg polymers and voknle constituent which 95 
<n the r^Ld endwith rotating means there- method comprises heating said composition 
for an^ToM vTpor vent situated in said at a given pressure to a tempore suffi- 
barrd oroSmate saM rearward end. adapted cient to vaporize volatile constituents there- 
Km™ ^acuating means, a/ex- of at a lower pressure or to a temperature 
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sufficient- to boil said composition at said 
given pressure, introducing said composition 
to the threaded screw of an extruder, at a 
position intermediate of a vapor vent and 

5 tapered screw section having progressively 
reduced thread, maintaining said lower pres- 
sure in the chamber of said extruder to 
vaporize volatile constituents from said com- 
position as it enters therein to foam or 

10 further foam said composition and effect 
substantial release of the volatile constituents 
therefrom, rotating the screw to advance the 
foam composition along the thread grooves 
to progressively compress and compact the 

15 foam composition and effect the further re- 
lease of volatile constituents therefrom and 
passing the devolatiiized and concentrated 
polymer composition from said extruder 
while separating the released volatile con- 



stituent by passing back through the polymer 20 
composition to the vapor vent 

12. A method as claimed in claim 11 
substantially as hereinbefore described in 
the specific Example. 

13. A liquid polymer product of greater 25 
than 90% solids when obtained from an 
apparatus as claimed in any one of claims 

1 to 10. 

. 14. A liquid polymer product of greater 
than 90% solids when obtained by a method 30 
as claimed in claim 11 or claim 12. 

BOULT, WADE & TENNANT, 
111 & 112, Hatton Garden, 

London, E.C.I. 
Chartered Patent Agents, 
Agents for the Applicants. 
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